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(54) Controller of toroidal continuously variable transmission 



(57) A toroidal continuously variable transmission 
(1 ) comprises power rollers (1 8C. 1 8D, 20C, 20D) which 
transmit a torque between input disks (18A, 20A) and 
output disks (20A. 20B), and trunnions (104. 105. 114. 
115) which drive the power rollers (18C, 18D, 20C, 20D) 
in a perpendicular direction to a rotation shaft (1 6A) ac- 
cording to a differential pressure between a first oil 
chamber (101) and a second oil chamber (102). When 
the second oil chamber (1 02) is at higher pressure than 
the first oil chamber (1 01 ), the toroidal continuously var- 
iable transmission (1 ) causes a downshift, and when the 
first oil chamber (1 01 ) is at higher pressure than the sec- 
ond oil chamber (1 02), the toroidal continuously variable 
transmission (1) causes an upshift. The first oil chamber 



(1 01 ) is connected to a first passage (1 76) and the sec- 
ond oil chamber (1 02) is connected to a second passage 
(177). A speed ratio control valve (70. 70A) controls a 
direction and a flowrate of the first passage (1 76) and 
the second passage (177). A pressure control valve 
(200, 21 0. 220, 40, 45, 41 . 46) limits a maximum differ- 
ential pressure of the first oil chamber (101) and the sec- 
ond oil chamber ( 1 02) when the transmission (1 ) causes 
a downshift to be less than a maximum differential pres- 
sure of the first oil chamber (101) and the second oil 
chamber (1 02) when the transmission (1 ) causes an up- 
shift. This arrangement prevents a sharp downshift of 
the loroidal continuously variable transmission (1) due 
to a fault or incorrect operation. 
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Description 

FIELD OF THE INVENTION 

[0001] This invention relates to speed ratio control of a toroidal continuously variable transmission. 
BACKGROUND OF THE INVENTION 

[0002] Tokkai Hei 5-39847 published by the Japanese Patent Office in 1 993 discloses a toroidal continuously variable 
transmission. This toroidal continuously variable transmission comprises an input disk and output disk which can rotate 
relative to each other on a common axis, and a pair of friction rollers gripped between these disks. The toroidal con- 
tmuously vanable transmission varies an inclination (gyration angle) of the friction roller, and transmits the rotation 
between the disks at an arbitrary speed ratio. The gyration angle of the friction roller varies due to the displacement 
of trunnions supporting the friction roller in the direction perpendicular to the rotation axis due to an oil pressure The 
displacement of the trunniorpvaries the position of the contact points with the input disk and output disk of the friction 
roller. Due to the variation of these contact points, the input disk and output disk exert a component force which varies 
the gyration angle of the friction roller, and as a result, the gyration angle of the friction roller varies. 

SUMMARY OF THE INVENTION 

[0003] Servo pistons are fixed to the trunnions. The trunnions displace according to the differential pressure of oil 
chambers on both sides of the servo piston, and the variation of the gyration angle of the friction roller, i.e. the variation 
of the speed ratio, .s faster the larger the differential pressure. A speed ratio control valve selectively connects the two 
oil chambers on erther side of the servo pistons to an oil pressure source and a drain according to the displacement 
of a spool. The spool is joined to a step motor, and the friction roller is controlled to a gyration angle corresponding to 
the target speed ratio by inputting a signal corresponding to the target speed ratio to the step motor. 
[0004] If the spool of the speed ratio control valve sticks in a specific position, or faulty operation occurs due to 
disturbance of the step motor, the speed ratio may vary sharply. In particular, if the spool sticks in a downshift position 
a sharp downshift unrelated to the driver's intention is produced. 

[0005] Similarly, when the spool sticks in an upshift position, a sharp upshift may occur, but as a downshift causes 
engine braking, the uncomfortable feeling given to the driver is greater for downshift than for upshift 
[0006] The differential pressure can be prevented from becoming excessive by controlling the stroke range of the 
spool. However if the stroke range of the spool is limited, it is possible that the required differential pressure may not 
be produced when the oil pressure of an oil pressure source drops. 

[0007] It is therefore an object of this invention to prevent an excessive downshift pressure from acting on a piston 
without restncting the stroke range of the spool of the speed ratio control valve. 

[0008] In order to achieve the above object, this invention provides a controller for a toroidal continuously variable 
transmission of a vehicle. The transmission comprises an input disk which rotates about a rotation shaft, an output 
disk which rotates about the rotation shaft, a power roller gripped by the input disk and the output disk and transmitting 
a torque between the input disk and output disk, and a trunnion which drives the power roller in a direction perpendicular 
to the rotation shaft according to a differential pressure of a first oil chamber and a second oil chamber. The transmission 
causes a downshift when the second oil chamber is at a higher pressure than the first oil chamber, and causing an 
upshift when the first oil chamber is at a higher pressure than the secondoil chamber. The first oil chamber is connected 
to a first passage and the second oil chamber is connected to a second oil passage. The controller comprises a speed 
ratio control valve which controls a direction and a flowrate of oil in the first oil passage and the second oil passage 
and a pressure control valve which limits a maximum differential pressure of the first oil chamber and the second oil 
chamber when the transmission causes a downshift smaller than a maximum differential pressure of the first oil chamber 
and the second oil chamber when the transmission causes an upshift. 

[0009] The details as well as other features and advantages of this invention are set forth in the remainder of the 
specification and are shown in the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[001 0] Fig. 1 is a schematic diagram of a toroidal continuously variable transmission according to this invention 
[001 1] Figs. 2A, 2B are oil pressure circuit diagrams of the toroidal continuously variable transmission accordinq to 
this invention. ' 3 

[0012] Fig. 3 is a diagram describing the relation between a stroke distance of a spool of a speed ratio control valve 
and various pressures according to this invention. 
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[0013] Fig. 4 is a partial oil pressure circuit diagram of the toroidal continuously variable transmission according to 
a second embodiment of this invention. 

[0014] Fig. 5 is a diagram showing the relation between the stroke distance of the spool of the speed ratio control 
valve and a supply pressure thereof according to the second embodiment of this invention. 
[0015] Fig. 6 is similar to Fig. 3, but showing a third embodiment of this invention. 
[001 6] Fig. 7 is similar to Fig. 5, but showing the third embodiment of this invention 

[0017] Fig^8 is a diagram showing the relation between the stroke distance of the spool of the speed ratio control 
valve and a differential pressure according to the first, second and third embodiments of this invention in comparison 
with a toroidal continuously variable transmission according to the prior art. 

[0018] Fig. 9 is a schematic diagram of an infinite speed ratio transmission device according to a fourth embodiment 
of this invention. 

[0019] Fig. 10 is a schematic diagram of a control device of the infinite speed ratio transmission device according to 
the fourth embodiment of this invention. 

[0020] Fig. 1 1 is an oil pressure circuit diagram of the infinite speed ratio transmission device according to the fourth 
is embodiment of this invention. 

[0021] Fig. 12 is a schematic cross-sectional view of the toroidal continuously variable transmission applied to the 
infinite speed ratio transmission device. 

[0022] Fig. 13 is a diagram describing the relation between the signal pressure output by a control unit according to 
the fourth embodiment of this invention and various oil pressures. 
20 [0023] Fig. 1 4 is a flowchart describing a differential pressure control routine performed by a the control unit according 
to the fourth embodiment of this invention. 

[0024] Fig. 15 is a diagram describing a limitation of the differential pressure applied by the differential pressure 
control routine when a vehicle is moving forward in a power circulation mode. 

[0025] Fig. 1 6 is a diagram describing the contents of a map of a parameter K c used when the differential pressure 
25 control routine determines a differential pressure limiting value in a direct mode. 

[0026] Fig. 1 7 is a diagram describing a limitation of the differential pressure applied by the differential pressure 
control routine when a vehicle is moving backwards in the power circulation mode. 

[0027] Fig. 1 8 is an oil pressure circuit diagram of the infinite speed ratio transmission device according to a fifth 
embodiment of this invention. 

30 [0028] Fig. 1 9 is a diagram showing a relation between the signal pressure and a control pressure according to the 
fifth embodiment of this invention. 

I°?k 9 1 ft ,f ' 9 2 u° ?. 3 ,lowchart de scribing the differential pressure control routine performed by the control unit according 
to the fifth embodiment of this invention. 

[0030] Fig. 21 is an oil pressure circuit diagram of the infinite speed ratio transmission device according to a sixth 
35 embodiment of this invention. 

[0031] Fig. 22 is a diagram showing a relation between the signal pressure and the control pressure according to 
the sixth embodiment of this invention. 

[0032] FIG. 23 is a diagram showing a general speed ratio characteristic of an infinite speed ratio transmission device 
to DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0033] Referring to Fig. 1 of the drawings, a double cavity toroidal continuously variable transmission (abbreviated 
hereafter as toroidal CvT) 1 comprises two sets of toroidal units 18, 20 housed in a transmission case 11 

1 , J T h f„ f rl!° r0ldal Unit 1 8 com P rises a P air of P° wer rolle rs 1 8C, 1 8D gripped between an input disk 1 8A and 
output disk 1 8B. The second toroidal unit 20 comprises a pair of power rollers 20C, 20D gripped between an input disk 
20A and output disk 20B. 

[0035] The input disks 1 8A, 20A rotate together with a shaft 1 6A. 

[0036] The output disks 18B, 20B are fixed to a hollow shaft 1 3 which is fitted free to rotate on the outer circumference 
of the shaft 1 6A The rotation of the hollow shaft 1 3 is output to an output shaft 33 via an output gear 1 4, counter gear 
50 17, counter shaft 31 and intermediate gears 32. 

[0037] A rotation torque is input from an input shaft 1 6 to the shaft 1 6A. This rotation torque is transmitted from an 
engine 79 to the input shaft 1 6 via a torque converter 27 and a forward/reverse change-over clutch 28 
[0038] Referring now to Figs. 2A, 2B, the power roller 1 8C is supported by a trunnion 1 04, and the power roller 1 8D 
is supported by a trunnion 105. 



45 



55 



[0039] A server piston 106 is fixed to a trunnion 104. The servo piston 106 drives the trunnion 104 in the direction 
of a trunnion shaft 1 04A perpendicular to the shaft 16A according to a difference of oil pressures supplied to an upshift 
oil chamber 101 and a downshift oil chamber 102 on both sides. The trunnion 104 can also perform a rotational dis- 
placement around this trunnion shaft 1 04A. 
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[0040] Likewise, a trunnion 105 comprises a servo piston 107 which responds to the differential pressure of the 
upshift oil chamber 1 01 and downshift oil chamber 1 02 and drives the trunnion 1 05 along a trunnion shaft 1 05A 
[0041 ] The positions of the upshift oil chamber 1 01 and downshift oil chamber 1 02 of the trunnion 1 04 are the reverse 
of the positions of the upshift oil chamber 1 01 and downshift oil chamber 1 02 of the trunnion 1 05, so the trunnions 1 04 

5 1 05 are always driven in reverse directions. 

[0042] As in the case of the first toroidal unit 18, the second toroidal unit 20 supports the power roller 20C by a 
trunnion 114 provided with a servo piston 116, and supports the power roller 20D by a trunnion 115 provided with a 
servo piston 1 1 7. The servo piston 1 1 6 responds to the differential pressure of the upshift oil chamber 1 01 and downshift 
oil chamber 102 which are disposed identically to those of the servo piston 106, and drives the trunnion 114 alona a 

10 trunnion shaft 11 4A. y 

[0043] The servo piston 117 responds to the differential pressure of the upshift oil chamber 101 and downshift oil 
chamber 102 which are disposed identically to those of the servo piston 107, and drives the trunnion 115 along a 
trunnion shaft 1 1 5A. 

[0044] Pressurized oil is supplied to the upshift oil chamber 101 and downshift oil chamber 102 via an oil pressure 
15 circuit shown in the diagram in order to generate a differential pressure between the upshift and downshift oil chambers 
101, 1 02 based on a target speed ratio. 

[0045] When the servo pistons 106, 107, 116, 1 1 7 drive the trunnions 104, 1 05, 114, 115 respectively along trunnion 
shafts 104A, 105A, 114A, 115A according to the differential pressure of these oil chambers 101, 102 the contact 
positions between the power rollers 18C, 18D, 20C, 20D, input disks 18A, 20A and output disks 18B, 20B vary. As a 
result, the gyration angles of the power rollers vary, and the speed ratio of the CVT 1 varies. 
[0046] The oil pressure circuit comprises a speed ratio control valve 70, forward/reverse change-over valve 81 , 
pressure control valve 200 and reverse speed ratio control valve 80. 

[0047] These valves process a line pressure PL supplied by the line pressure circuit 1 50 from an oil pressure source 
and supply processed pressures to a passage 1 76 leading to the upshift oil chambers 1 01 and a passage 1 77 leading 
25 to the downshift oil chambers 1 02. 

[0048] The rotation of the engine of the vehicle is input to the CVT 1 via the forward/reverse change-over clutch 28 
[0049] Consequently, the direction of rotation input to the CVT 1 is different when the vehicle is moving forwards and 
backwards. The forward/reverse change-over valve 81 changes over in. synchronism with the forward/reverse change- 
over clutch 28, and connects the speed ratio control valve 70 or reverse speed ratio control valve 80 to the passaqes 
30 1 76, 177. 

[0050] The forward/reverse change-over valve 81 comprises a spool 81 B supported by a spring 81 A, and ports 81 C 
81D, 81 E t 81 F, 81G, 81H, 811, 81J facing the spool 81B. 

[0051] The port 81C communicates with the passage 176, and the port 81 D communicates with the passage 177 
The port 81 E communicates with the line pressure circuit 150. The port 81 F communicates with a passage 181 the 
port 81 G communicates with a passage 180, the port 81 H communicates with a passage 174. the port 811 communi- 
cates with a passage 1 79, and the port 81J communicates with a passage 1 75. 

[0052] The spool 81 B is driven by a lever 77 in synchronism with the forward/reverse change-over clutch 28. 
[0053] Specifically, when the forward/reverse change-over clutch 28 is in the forward position, the port 81 H is con- 
nected to the port 81 , the port 81 J is connected to the port 81 D, and the other ports are shut off as shown in the diagram 
[0054] On the other hand, when the/reverse change-over clutch 28 is in the reverse position, the port 81 E is connected 
to the port 81 F, the port 81 C is connected to the port 81 G, the port 811 is connected to the port 81 D, and the other 
ports are shut off. 

[0055] The speed ratio control valve 70 comprises a spool 73 elastically supported by a spring 73C, and ports 70D, 
70E, 70F, 70G, 70H facing the spool 73. The port 70D communicates with a drain, and the port 70E is connected to a 
high-pressure supply passage 1 51 from the pressure control valve 200. The port 70F is connected to the line pressure 
circuit 1 50. The port 70G is connected to the passage 1 74 leading to the port 81 H of the forward/reverse change-over 
valve 81, and the port 70H is connected to the passage 175 leading to the port 81J of the forward/reverse change- 
over valve 81 . 

[0056] The spool 73 is driven by a step motor, and displaces between a position in which the port 70G is connected 
to the port 70E while the port 70H is connected to the port 70R and a position in which the port 70G is connected to 
the port 70F while the port 70H is connected to the port 70D. This displacement therefore causes a change in the 
pressure of the upshift oil chambers 101 and in the pressure of the downshift oil chambers 102. When the vehicle is 
traveling forwards, a command corresponding to the target speed ratio is input to the step motor so that the spool 73 
displaces, and the gyration angles of the power rollers 18C, 18D, 20C, 20D of the CVT 1 coincide with the angle 
corresponding to the target speed ratio. As the speed ratio of the CVT 1 approaches the target speed ratio, a feedback 
mechanism, not shown, causes the spool 73 to displace in the opposite direction to the displacement due to the step 
motor. When the target speed ratio has been achieved, the spool 73 is held in a position where the displacements due 
to the step motor and feedback mechanism are balanced. 
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[0057] The reverse speed ratio control valve 80 comprises a spool SOB elastically supported by a sprina 80A and 
ports 80C, SOD. 80E facing a spool SOB The port 80C communicates with the port 81 F of the forward/reverse chance 
over valve 81 via a passage 181. The port SOD communicates with the port 811 of the forward/reverse change-over 
81 via the ^agVl ST 1 ™' ^ ^ Communicates with the P ort 81 G of the forward/reverse change-over valve 

[0058] The spool 80B is driven by a precess cam 76 via an L-shaped link 75. The precess cam 76 is fixed to one of 
the trunmon shafts 1 04A, 1 05A, 1 1 4A, 1 1 5A, and transmits the rotational displacement of the trunnions 1 04 1 05 1 1 4 
115 and the displacement in the direction of the trunnion shafts 104A, 105A, 114A, 115A to a spool 88B via the L- 
shaped link 75. 

[0059] When the forward/reverse change-over clutch 28 is in the reverse position, the forward/reverse change-over 
valve 81 connec s the ports 81 E and 81 F, connects the port 81G to the port 81 C leading to the upshift oil chambers 
101, and connects the port 81 1 to the port 81 F leading to the downshift oil chambers 1 02. As a result, the line pressure 
PL is supp hed to the port 80C of the reverse speed ratio control valve 80, the port 80E is connected to the upshift oil 
chambers 1 01 , and the port 80D is connected to the downshift oil chambers 1 02 

2 J?L J h r !, tar9 f e r h SP ^ r f ,i0 ,° f thS CVT 1 WhSn thS V6hiCle iS reversing is set to a constant val "e, and when the 

T / R ia thl , T ^ „ '^ 6SS tha " the targSt SpeSd rati °' the preceSS cam 76 moves tne S P°°' 8SB upwards in 
™ 1 L - S „ haped ,,nk 75 30 that the line Pressure PL is supplied to the downshift oil chambers 102 and the 
CVT 1 performs a downshift. On the other hand, when the real speed ratio of the CVT 1 is greater than the target speed 
rat.o, the precess cam 76 moves the spool 88B downwards in Fig. 2B via the L-shaped link 75 so that the line pressure 
PL .» supphed I to the upshift oil chambers 101 , and the CVT 1 performs an upshift. In this way, the speed ratio of the 
CVT 1 when the vehicle is reversing is controlled to the fixed target speed ratio 

[0061 1 ] The above construction of the speed ratio control valve 70, forward/reverse change-over valve 81 and reverse 
speed ratio control valve 80 is known from the aforesaid Tokkai Hei 5-39847 

[ °? 62 L IT PrSSSUre COntr0! Va ' Ve 200 iS P rovided to contral oil pressure of the port 70E of the speed ratio control 

200B 200C PonnZ T^TZ 2 °° C ° mpriseS a S P 00 ' 202 elasticall V supported by a spring 201 , and ports 200A, 
200B, 200C, 200D together with a drain port 200E facing the spool 202 

[0063] The , ports 200A 200B communicate with the port 70E of the speed ratio control valve 70 via the passage 
151 The ports 200D, 200C communicate with the line pressure passage 150 

[0064] Here, the relation between a pressure Fhc exerted by an oil pressure Phc of the port 200A on the spool 202 
an elastic force Fs1 of the spring 201 and a force FL exerted by the line pressure PL of the port 200C on the spool 
202, may be expressed by the following equation (1 ): 



35 



FL = Fhc+Fs1 



(1) 



[0065] The elastic force Fsf of the spring 201 is expressed by the following equation 



(2): 



40 



Fs1 =K1 ■ X1 



(2) 



where, 



45 



K1 = spring constant, and 

X1 = stroke distance of spool 202. 

J f Tl ure - receivin 9 surface area ° f oil pressure Phc on the end face of the spool 202 facing the port 
200A is A 1, the oil pressure Phc is given by the following equation (3): 



50 



Phc=(FL - Fs1) I A1 



= PL ■ Ps1 



(3) 



55 



£ 06?1 t '" otnerw ) ords -. the S P°°I 202 displaces to a position where the equation (3) is satisfied as the line pressure 
PL, i.e. the force FL, varies. 

[0068] Specifically, when the line pressure PL rises, the spool 202 displaces in the left-hand direction of Fig. 2B, and 
due to the narrowing of the passage between the port 200B and the drain port 200E, the oil pressure Phi of the port 
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70E of the speed ratio control valve 70 is caused to rise. The pressure control valve 200 shown in Fig 2B corresponds 
to the case where the line pressure PL is zero and accordingly the oil pressure Phi is also zero, but when the line 
pressure PL is not zero, the oil pressure Phi is also not zero. 

[0069] When the vehicle is traveling forwards and the CVT 1 performs an upshift, the spool 73 of the speed ratio 
control valve 70 is driven downwards in Fig. 2B by the step motor. As a result, the line pressure PL is supplied to the 
upshift oil chambers 101 via the passage 176, and the downshift oil chambers 102 communicate with the drain port 
70D via the passage 177. The servo pistons 106, 107, 116, 117 displace according to this differential pressure the 
gyrat.on angles of the power rollers 1 8C, 1 8D, 20C, 20D vary, and the speed ratio of the CVT 1 is decreased ' 
[0070] On the other hand, when the CVT 1 is made to perform a downshift, the spool 73 of the speed ratio control 
valve 70 ,s dnven upwards in Fig. 2B by the step motor. As a result, the line pressure PL is supplied to the downshift 
oil chambers 102 via the passage 177, and the downshift oil chambers 102 communicate with the port 70E via the 
passage 177. The oil pressure Phi due to the pressure control valve 200 acts on the port 70E. Therefore, the servo 
pistons 106, 107, 116, 117 displace according to the differential pressure of the line pressure PL and the oil pressure 
Phi, the gyration angles of the power rollers 1 8C, 1 8D, 20C, 20D are made to vary, and the speed ratio of the CVT 1 
is increased. Here, the oil pressure Phi rises according to the increase of the line pressure PL as described above 
Therefore, the maximum value of the differential pressure between the upshift oil chambers 101 and downshift oil 
chambers 102 during a downshift operation is less than the maximum value of the differential pressure during an upshift 
operation. 

[0071] This differential pressure will now be described in more detail referring to Fig 3 
so [0072] Let the pressure of the upshift oil chambers 1 01 be Phi, the pressure of the downshift oil chambers 1 02 be 
Plow and the stroke distance of the spool 73 of the speed ratio control valve 70 be Xc. Let the stroke distance Xc = 0 
when the spool 73 of the speed ratio control valve 70 in Fig. 2B has descended to its lowermost position 
[0073] In this position, the line pressure PL is supplied from the port 70F to the upshift oil chambers 101 and the 
downshift oil chambers 102 are connected to the drain via the port 70D. Therefore, the pressure P/i/is equal to the 
25 ime pressure PL, and the pressure Plow is zero. 

[0074] As the spool 73 strokes upwards, the pressure Phi decreases and the pressure Plow rises. Due to the rise 
of the spool 73, it communicates with the upshift oil chambers 1 01 . The pressure of the port 70E is the pressure Phc 
controlled by the pressure control valve 200. Therefore, the stroke distance Xc increases, and when the upshift oil 
chambers 101 communicate only with the port 70E, Phi = Phc. Here, the pressure Phc is a pressure which varies 
according to the line pressure PL, and is less than the line pressure PL, and provided that the line pressure PL is not 
zero, it is never zero. 

[0075] Therefore, the decrease rate of the pressure Phi relative to increase of the stroke distance Xcis less than the 
increase rate of the pressure Plow. 

[0076] When the pressures Phi, Plow are equal, the power rollers 1 8C, 1 8D, 20C, 20D are in a state such that torque 
transmission between the disks does not take place. In the following description, this state of the power rollers 1 8C 
18D, 20C, 20D will be referred to as the neutral state, and the stroke position of the spool 73 of the speed ratio control 
valve 70 at that time will be referred to as the neutral position. 

[0077] As shown in the figure, as the decrease rate of the pressure Phi is small, a neutral position XcO is shifted to 
the nght of the figure more than in the case where the decrease rate of the pressure Phi and increase rate of the 
pressure Plow are equal. As a result, the differential pressure APdown between Phi and Plow which can be applied 
during a downshift operation is less than the differential pressure which can be applied during an upshift operation 
Here, referring to Fig. 8, the solid line D shows the variation of the differential pressure APdown when the pressure 
control valve 200 is not provided, and the dotted line A in the figure shows the differential pressure APdown in this 
embodiment. By suppressing the increase rate of the differential pressure APdown in the downshift direction relative 
to the stroke distance Xc of the spool 73 to be low as shown by the dotted line A, a maximum differential pressure APc 
ofthisembodimentwherethepressure control valve 200 isprovided is suppressed low relative toamaximum differential 
pressure APcmax when the pressure control valve 200 is not provided at a maximum stroke distance Xcmax 
[0078] In other words, an excessive downshift pressure is prevented from acting on the servo pistons 1 06 107 116 
117. Therefore, the disadvantage of a sharp downshift unrelated to the driver's intention due to sticking of the spool 
73 or faulty operation of the step motor is prevented without restricting the stroke range of the spool 73 
[0079] Here, the differential pressure APdown in the downshift direction is determined by the pressure Phi The 
pressure Phi varies according to the pressure P/iccontrolled by the pressure control valve 200. The differential pressure 
APdown therefore varies according to the spring constant K1 of the spring 201 of the pressure control valve 200 
[0080] When the servo pistons 1 06, 107, 116, 117drivethepoWerrollers 18C, 18D, 20C, 20D upwards or downwards 
from the neutral position, due to the variation of the contact positions between the power rollers 18C 18D 20C 20D 

input d.sks18A,20A and output disks 20A.20D, a force acts on the power rollers 18C, 18D 20C 20D in the direction 
of gyration. 

[0081] As a result of this force, the gyration angles of the power rollers 18C, 1 8D, 20C. 20D are made to vary, and 
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the speed ratio of the CVT 1 is varied. The variation of the speed ratio is fed back to the speed ratio control valve 70 
via the feedback mechan.sm, and when the real speed ratio reaches the target speed ratio, the speed ratio control 
valve returns the servo pistons 106, 107, 116, 11 7 to the neutral position 

l H°! 2 L?V^ °T r hand u in thS StatS Where a torque is trans mitted between the input disks 18A, 20A and output 
disks 20A, 20E^a force m the axial direction corresponding to the transmitted torque acts on the trunnions 104 105 
114 11 Ssupportmg the power rollers 18C, 18D,20C,20D. Atthesametime, the upshift oil chambers 101 anddownshift 
oil chambers 102 generate a differential pressure so as to support the servo pistons 106 107 116 117 
! =A 83 JnJ? h r t0 T G t 5 * ran8mitted fr ° m thS engine t0 the drive whee,s - tor< > ue is transmitted from the input disks 

£ f ° d ' SkS 2 ° A ' 2 ° B - thiS Case ' an axial force in the downshift Action acts on the trunnions 1 04 

105 114, 115. and the speed ratio control valve 70 maintains the pressure Phi of the upshift oil chambers 101 at a 
higher pressure than the pressure of the downshift oil chambers 102 so as to oppose this axial force. In other words 
even if the power rollers 1 8C, 1 8D. 20C. 20D are in the neutral position, the stroke position of the spool 73 of the speed 
ratio control valve 70 fluctuates according to the magnitude of the transmitted torque The position XcO in 
[0084] FIG. 3 is the stroke position of the spool 73 when the transmitted torque is zero, and when the transmitted 

,° 0 T^ Cr o a ^ S ' . S P ° Siti0n ° f the SP ° 01 73 shift t0 the left of the fi 9 ure 10 maintain the power rollers 18C 
18D. 20C, 20D in the neutral position. ' 

[0085] Here, let the stroke position Xcof the spool 73 when the transmitted torque is large, be Xc2 in the figure A 
differential pressure APc2 in the upshift direction acts on the upshift oil chambers 1 01 and downshift oil chambers 1 02 
In his state, when the differential pressure decreases to less than APc2, the balance of forces is upset, and the power 
rollers 1 8C, 18D, 20C. 20D vary their gyration angles in the downshift direction 

[0086] On the other hand, let the stroke position of the spools 73 when the transmitted torque is small be Xc3 in the 
figure^ Here a differential pressure APc3 in the upshift direction acts on the upshift oil chambers 101 and downshift oil 
chambers 1 02. In this case also, the balance of forces is upset when the differential pressure becomes less than APc3 
and the power rollers 1 8C, 1 8D. 20C, 20D vary their gyration angles in the downshift direction 
[0087] Next, the case will be considered where the stroke position Xc of the spool is equal to Xc4 in the figure Here 
a differential pressure APcO in the downshift direction acts on the upshift oil chambers 1 01 and downshift oil chambers 
1 02. A fluctuation width APdown (Xc2) of the differential pressure from the stroke position Xc = Xc2 to Xc = Xc4 of the 
spool 73 is expressed by the following equation: 



APdown (Xc2) = APc2 + APcO 



(4) 



[0088] Likewise, a fluctuation width APdown (Xc3) of the differential pressure from the stroke position Xc = Xc3 to 
Xc = Xc4 of the spool 73 is expressed by the following equation: 



APdown (Xc3) = APc3 + APcO 



(5) 



40 *l f > , Therefore ' the relation APdown < Xc2 > > APdown (Xc3) is satisfied. In other words, if the 

t 9 y VanSS 3t thS Same Speed rati ° : the sp ° o1 73 also Performs a large stroke 

[0090] This means that if the displacement position of the spool 73 is restricted to prevent a sharp downshift it will 
no longer be possible to adapt to fluctuation of transmitted torque. According to this invention, as the stroke of the 
spool 73 is not limited, it is possible to fully adapt even to fluctuation of transmitted torque 

[0091] As the stroke position Xc of the spool 73 for maintaining the power rollers 1 8C, 1 8D, 20C, 20D in their neutral 
positions approaches zero together with the transmitted torque, the stroke distance for a downshift operation can be 
fully ensured. r 

[< l 092 ! u F ",1 her ' by makin9 the decrease rate of the Pressure Phi of the upshift oil chambers 1 01 small, the fluctuation 
rate of the differential pressure APdown relative to the stroke of the spool 73 becomes small. This means that even if 

so r s °s! " '" terfereS W ' th the contro1 of tne ste P motor . ^e eff of noise on fluctuation of the differential pressure APdown 

[0093J A second embodiment of this invention will now oe described referring to Figs 4 and S 

[0094] According to this embodiment, instead of connecting the pressure control valve 200 to the port 70E, a pressure 

control valve 210 is interposed in the passage 175. 

55 ^Inl^fnToT^ 0 ^ 0 ' Va ' Ve 210 COm P rises a S P°°' 212 elastically supported by a spring 211. together with 
™u 2 k !' 3 drain P ° rt 21 ° D facing S P° 01 21 2 - The P orts 21 0A - 2 1 0B communicate with the port 

l° f ha Speed rat '° control valve 70. The port 21 0C permanently communicates with the passage 1 75 and the port 
21 0B at the same time. 

[0096] In this embodiment, when the pressure Pfowsupplied to the passage 1 75 from the port 70H rises, the spool 
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212 of the pressure control valve 210 strokes downward in Fig. 4 due to the pressure rise of the port 21 OA As a result 
the ports 21 OB, 21 0C communicate with the drain port 210E, and the pressure Plow stops rising 
[0097] The relation between the stroke distance Xcof the spool 73, the pressure Phiof the upshift oil chambers 101 
and the pressure Plow of the downshift oil chambers 102 is shown in Fig. 5. 

[0098] Here, if the force exerted by the spring 21 1 of the pressure control valve 21 0 on the spool 21 2 is Fs2 the 
force exerted by the oil pressure Plow of the port 21 OA on the spool 212 is Flow, the stroke distance of the spool212 
is X2, and the stroke distance at which the ports 21 0B, 210C start communicating with the drain port 21 0E is X2d the 
following equations (6) and (7) are satisfied. 
[0099] When X2<X2d, 



Flow = Fs2(X2) =K2 ■ X2 



(6) 



where, K2 = spring constant. 
[0100] WhenX2>X2d, 



Flow = K2 ■ X2d (7) 



[0101] If the surface area of the spool 212 receiving the pressure Plow is A2, the following equation (8) is satisfied. 

Plow = Flow/ A2 ( 8 ) 

[0102] Referring again to Fig. 8, the differential pressure APdown according to this embodiment is shown by a double 
dotted line B. Specifically, until the stroke distance Xcof the spool 73 reaches Xcd, it increases at the same rate as if 
the pressure control valve 200 were not provided. Let this section be a section a 1. After the stroke distance Xc of the 
spool 73 reaches Xcd, as the pressure Plow then becomes constant, the increase rate of the differential pressure 
APdown is more gradual than the solid line D, as shown by the double dotted line B. Let the section from Xcdto Xcmax 
be a section a2. 

[0103] Also, the maximum differential pressure at the maximum stroke distance Xcmax is a maximum differential 
pressure APc which is lower than the maximum differential pressure APcmax that is generated when the pressure 
control valve 210 is not provided. The value of this maximum differential pressure APccan be arbitrarily set by setting 
the spring constant K2 of the spring 21 and the stroke distance X2d of the spool 212. Therefore, according also to this 
embodiment, the disadvantage of a sharp downshift occurring unrelated to the driver's intention due to sticking of the 
spool 73 or faulty operation of the step motor can be prevented without limiting the stroke range of the spool 73 
[01 04] According to this embodiment, the speed ratio variation characteristics of the CVT 1 vary in two staqes in the 
section erf and the section o2. 

[01 1 05] In the section a 1 when the stroke distance Xc is less than the predetermined distance Xcd, the rate of speed 
ratio variation during a downshift is no different to the case where the pressure control valve 210 is not provided 
therefore there is no effect on the rate of speed ratio variation in this section. 

[0106] On the other hand, in the section «2, the rate of speed ratio variation during a downshift is slower than in the 
case where the pressure control valve 21 0 is not provided. Therefore, according to this embodiment, a sharp downshift 
can be prevented without largely affecting the speed ration variation response of the CVT 1 . 
[0107] A third embodiment of this invention will now be described referring to FIGs. 6 and 7. 

[0108] According to this embodiment, instead of providing the pressure control valve 200 of the first embodiment a 
pressure control valve 220 is interposed between the ports 70G, 70H of the speed ratio control valve 70 and the 
passages 1 74, 1 75. 

[0109] The pressure control valve 220 comprises a spool 222 elastically supported by a spring 221 , and ports 220A 
220B, 220C, 220D and 220E facing the spool 222. 

[0110] The line pressure PL is led from the line pressure passage 150 the port to the port 220A. The port 220B 
communicates with the port 70G of the speed ratio control valve 70. The port 220E communicates with the passage 
1 75. The port 220C, 220D communicate with the passage 1 74. 

[01 11 1 ] According to this embodiment, when the pressure Plowin the passage 1 75 rises, the spool 222 strokes upward 
in Fig. 6. As a result, when the port 220C begins to communicate with the port 220A, the pressure Phi of the passage 
1 74 beg.ns to rise due to the effect of the line pressure PL, and the pressure Ph/then rises according to the increase 
of the stroke distance Xc of the spool 222. 

[0112] Here, let the force exerted by the pressure Phi of the port 21 0D on the upper end face of the spool 222 be F 
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h i, the force exerted by the spring 221 on the spool 222 be Fs3, and the force exerted by the pressure Plow of the 
port 220E on the lower end face of the spool 222 be Flow. 

[01 1 3] Further, let the stroke distance of the spool 222 be X3, and the stroke distance at which the port 220C starts 
communicating with the port 220A be X3d. 
5 [0114] When X3<X3d, the following equation (9) is satisfied. 

Fhi=Flow-K3-X3 (9) 

10 where, K3 = spring constant. 

[0115] If the surface area of the spool 222 receiving the pressure Phi ls A3, the following equation (10) is satisfied. 
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Phi = Fh il A3 

= {Flow - K3 - X3d) IA3 = Plow - Ps3 
A P down = Plow - Phi = - Ps3 



(10) 



[01 1 6] When X3 > X3d, the relations with the pressure acting on the spool 222 may be expressed by the followina 
equations (11) and (12). a 

F h i = Flow - K3 ■ X3d (11) 

Phi = Fhi I A3 

= (Flow - K3 • X3d) I A3 = Plow - Ps3d 
APdown = Plow - Phi = - p$3d (12 ) 

[0117] Let the stroke distance Xc = 0 when the spool 73 of the speed ratio control valve 70 has descended to its 
lowest posit.cn. In this position, the port 70F communicates with the port 70G, and the port 70D communicates with 
the port 70H. In the pressure control valve 220, the line pressure PL is supplied to the port 220B, and the port 220E 
is released to the drain. In the pressure control valve 220, when the spool 222 is in its lowest position as shown in Fig 
6, the port 200A is closed and the line pressure PL of the port 220B is supplied to the port 220C. In other words the 
pressure Ph, of the upshift oil chambers 1 01 is equal to the line pressure PL, and the pressure Plow of the downshift 
oil chambers 102 is released to the drain. 

[01 1 8] When the spool 73 strokes upwards in Fig. 6 from this state, the pressure of the port 70G decreases and that 
of the port 70H rises. 

[0119] As a result, in the pressure control valve 220, the relative magnitudes of the decreasing pressure Phi and 
increasing pressure Plow are finally inverted as shown in Fig. 7, and when this differential pressure rises further to 
exceed the spring load of the spring 221 , the spool 222 begins to displace. 

[0120] When the spool 222 displaces upwards in FIG. 6, the port 220C communicates with the port 220A to which 
the line pressure PL is led, and the port 220B which communicates with the drain is shut off. Therefore, the pressure 
P/7/also rises according to the rise of the pressure Plow, and the differential pressure APdown in the downshift direction 
subsequently maintains a constant value -Ps3d. Let the stroke distance of the spool 73 when the differential press > 
&Pdown is the constant value -Ps3d, be Xcl. 

[0121] Referring here again to Fig. 8, the differential pressure APdown in the downshift direction according to this 
embodiment is shown by a broken line C. When the stroke distance Xcof the spool 73 is equal to or less than Xd the 
pressure P/wof the upshift oil chambers 1 01 and the pressure Plowoi the downshift oil chambers 1 02 vary with identical 
charactenstics to the case where the pressure control valve 220 is not present. 

[0122] Let the section between 0 and Xclbe p 1. Afterthe stroke distance Xcof the spool 73 exceeds Xcl, the pressure 
P/walso rises according to the rise of the pressure Plow, and the differential pressure APdown in the downshift direction 
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maintains the maximum differential pressure APc. Let the section between Xcf and Xcmax be (32. The maximum dif- 
ferential pressure APc may be arbitrarily set by setting the spring constant K3 of the spring 221 and the stroke distance 
X3d of the spool 222. 

[01 23] According to this embodiment, by providing the section p 1 and the section p2, the speed ratio variation char- 
acteristics of the CVT 1 vary in two stages. In the section p /, the rate of speed change during a downshift is the same 
as if the pressure control valve 220 were not provided, while in the section $2, the rate of speed change during a 
downshift is a constant value : and is slower than if the pressure control valve 220 were not provided. Therefore ac- 
cording also to this embodiment, the disadvantage of a sharp downshift unrelated to the driver's intention due to stickinq 
of the spool 73 or faulty operation of the step motor can be prevented without restricting the stroke range of the spool 
73 and without largely affecting the speed ratio variation response of the CVT 1. 
[0124] A fourth embodiment of this invention will now be described referring to Figs. 9-17. 

[0125] According to this embodiment, an infinite variable speed ratio transmission device (referred to hereafter as 
IVT) using the CVT 1 is provided. " 
[0126] The IVT comprises the CVT 1 , reduction gear unit 3 and planetary gear unit 5. The CVT 1 and reduction gear 
unit 3 are connected in parallel with the input shaft 16. The rotation outputs of the output disks 18B 20B of the CVT 1 
are output to an output shaft 4 via a sprocket 2A, chain 4B and sprocket 4A. The reduction gear'unit 3 outputs the 
rotation of the input shaft 1 6 to an output shaft 3C at a predetermined reduction ratio by the engaging of an input qear 
3A fixed to the input shaft 16 and a gear 3B. H y 

[0127] The planetary gear unit 5 comprises a sun gear 5A : plural planet gears 5D supported on a planet carrier 5B 
20 and a ring gear 5C. 

[0128] The ring gear 5C is joined to a final output shaft 6. 

[01 29] The output shaft 4 is joined to the sun gear 5A. The output shaft 4 is also joined to the final output shaft 6 via 
a direct clutch 1 0. The output shaft 3C is joined to the planet carrier 5B via a power circulation clutch 9 
[01 30] The rotation of the final output shaft 6 is transmitted to drive wheels 1 1 via gears 7, 1 2 and a differential aear 
25 unit 8. y 

[01 31] In this IVT, the drive wheels 1 1 are driven either in a power circulation mode where the power circulation clutch 
9 is engaged and the direct clutch 1 0 is disengaged, or in a direct mode where the power circulation clutch 9 is disen- 
gaged and the direct clutch 10 is engaged. 

[0132] In the power circulation mode, the rotation speed of the planet carrier 5B is equal to a value obtained by 
dividing the engine rotation speed by the reduction ratio of the reduction gear unit 3. The reduction ratio of the reduction 
gear unit 3 is a fixed value. On the other hand, the rotation speed of the sun gear 5A is equal to a value obtained by 
dividing the engine rotation speed by a speed ratio Ic of the CVT 1 . 

[0133] The rotation directions of the sun gear 5A and planet carrier 5B are always constant 

[0134] Under the above conditions, the rotation direction of the ring gear 5C joined lo the final output shaft 6 varies 
according to the ratio of the rotation speed of the planet carrier 5B and the rotation speed of the sun gear 5C In other 
W f °? S 'J!X ar ' eS dependi " 9 on the rati0 of an en 9 ine rot ati°n speed N e and a rotation speed No of the output shaft 4 

?7™ V , e " de P endin 9 on the s P eed ra tio Ic of the CVT 1 . This variation point is referred to as a geared neutral 
point GNP shown in FIG. 23. 

[0135] Atthe geared neutral point GNP, the ring gearSC, i.e., the final output shaft 6, does not rotate, and the vehicle 
is stationary. When the CVT speed ratio Ic increases beyond the geared neutral point GNP, the ring gear 5C rotates 
in the forward direction, and when the CVT speed ratio Ic decreases to less than the GNP, the ring gear 5C rotates in 
the reverse direction. a a 

[01 36] In other words, in the power circulation mode, the vehicle changes over between forward and reverse motion 
by controlling the CVT speed ratio Ic. 

45 P™ 7 * Whe " the VehiC ' e iS m ° Vin9 forwar ds in the power circulation mode, the IVT speed ratio // decreases as the 
rV^L» S , PeeCl rat '° 10 increases - ln other words, an IVT speed ratio coefficient E = Mli increases, as shown in FIG 23 
[0138] When the IVT speed ratio coefficient E reaches a rotation synchronous point RSP, the IVT operating mode 
shifts from the power circulation mode to the direct mode. In the direct mode, the rotation of the output shaft 4 of the 

« n V '! direCt ' y ° UtpUt l ° the fina ' ° UtpUt Shaft 6 ' so the IVT s P eed ra tio coefficient E increases as the CVT speed 
ratio Ic decreases. When the vehicle is decelerating, the CVT speed ratio Ic varies inversely to its behavior during 
acceleration. This characteristic of the IVT is disclosed in Tokkai Hei 9-89071 published by the Japanese Patent Office 
i n i y y / . 

[0139] In this embodiment, the oil pressures of the upshift oil chambers 101 and downshift oil chambers 102 are 

« ^^ ,led J USmg an 0il P ressure cjr cuit shown in Fig. 11 by the control unit shown in Fig. 10. The construction of the 
55 CVT 1 is identical to that of the first embodiment. 

[0140] The oil pressure circuit comprises a speed ratio control valve 70, positive torque control valve 40 negative 
torque control valve 45, manual valve 60, clutch control valves 61 , 62, pressure regulator valve 65, pilot valve 68 and 
oil pressure pump 67. K 
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[0141] The speed ratio control valve 70 has an identical construction to the speed ratio control valve of the first 
embodiment. UIW m * L 

l V* 2] rVS? T^™^ the SP0 °' 73 ° f the Speed rati0 contro1 valve 70 is i° ined to the center part of a speed 
change tank 37. A step motor 36 is joined to one end of the speed change link 37. A feedback link 38 which responds 
to the displacement of a precess cam 35 is joined to the other end of the speed change link 37 
[0143] Referring to Fig. 1 2, the precess cam 35 is fixed to the lower end of the trunnion shaft 1 04A. A cam groove 
35A having a predetermined! inclination is formed in the circumferential direction in the precess cam 35. One end of 

%£X5££? 18 10 the cam groove 35A - The feedback link 38 is formed in an L - sha " e ' and ? ivots «™2 

[0144] In this way, the axial displacement and rotational displacement of the trunnion 1 04 are fed back to the spool 
73 of the speed change control valve 70 by the precess cam 35. The spool 73 is held by the speed change link 37 in 
a position where the d.splacement due to the step motor 36 and the displacement due to the precess cam 35 are 
ostein ceo. 

[01 45] Referring again to Fig. 1 1 , the oil pressure supplied from the oil pressure pump 67 is adjusted to a predeter- 
mined line pressure PL by the pressure regulator valve 65, and supplied to a line pressure circuit 59. The pressure 
regulator valve 65 performs this pressure adjustment based on a signal pressure from a solenoid valve 90 

El i t 50 Va,Ve 90 9enerates a si 9 nal P fessure from a Pl'ot pressure Pp of a pilot pressure circuit 69 

according to an input signal from a control unit 300 shown in Fig. 10. 

[ °I 47 L ! dditi0 " f° l ? 6 SPe6d rati ° COntr0 ' V3,Ve 70 ' tne positive toraue cont rol valve 40, negative torque control 
valve 45 and manual valve 60 are also connected to the line pressure circuit 59 

[0148] The manual valve 60 operates in synchronism with a shift lever 78 shown in FIG. 10, attached to the vehicle 

111 « T T" 96 (D !- PreSSUre ° f the Hne preSSUre passa 9 e 59 is su PP |ied to the clutch control 

valves 61 BZ The clutch control valve 61 engages and disengages the direct clutch 10 using the line pressure PL 
according to the signal pressure of a solenoid valve 63. Likewise, the clutch control valve 62 engages and disengages 
the power emulation clutch using the line pressure PL according to the signal pressure of a solenoid valve 64 The 
solenoid valves 63 64 generate the signal pressure from the pilot pressure Pp of the pilot pressure circuit 69 according 
to an input signal from the control unit 300. «■««■'« 
[0149] The positive torque control valve 40 generates a control pressure Pd from the pilot pressure Pp of the pilot 

Z^Zt » IT «™l 10 3 Si9nal Pr6SSUre PS,g * ° f 3 S0 ' enOid Va,V6 50 contro,led b V the control unit 300. and 
supplies it to the port 70E of the speed ratio control valve 70. The negative torque control valve 45 generates a control 
pressure Pc2 from the pilot pressure Pp according to a signal pressure Psig- of a solenoid 55 controlled by the control 
' ° ' and suPPl'es « to the port 70D of the speed ratio control valve 70. The solenoid valve 50 and solenoid valve 
Psk, -are zero ™ * C '° Sed ValVes that are closed in the non-energized state where the signal pressures Psig + , 

Sn 1 n°l I he «. P °f ^ t0rqUe COntr °' Va ' Ve 40 com P rises a si 3nal pressure port 40A facing a spool 40S, output port 
40D which outputs the control pressure Pd, feedback port 40B which communicates with the output port 40D pressure 
port 40C and drain port 40E. The signal pressure Psig+ of the solenoid valve 50 is input to the signal pressure port 

lil?n , Z 8 SP ?°' 408 iS e,aStiCa " y SUpp ° rted UpWardS b V a s P rin 9 40R - posiSve torque control 

tht 111 5op Trr 63 3 Sleeve o 40P in contact w| th the tower end of the spool 40S, and a port 40F formed facing 
the sleeve 40P. The line pressure PL is led to the port 40F. The spool 40S is maintained in a position wherein the 

£TET£T 1 . d . Ue 2° Si9nal PreSSUrS Psi9+ ° f the Si9nal pressure port 40A and "he control pressure 
Per led to the feedback port 40B balances the upward force due to the spring 40R and the line pressure PL of the port 

[0151] When the signal pressure Psig* is equal to or less than a predetermined value, the pressure port 40C com- 
municates with a drain port 70E of the speed ratio control va.ve 70 via an output port 40D. When the signal pressure 
wtth^h" port 4 6 0E P diSP ' aCeS d ° WnwardS against the spring 40R - and output port 40D communicates 

[ °!f!L P ressure - receivin 9 ^rface area of the control pressure Pc 1 acting on the spool 40S via the feedback 
TnZ 2 r T!! AS eqUa ' t0 the P resSL "ne-receiving surface area of the line pressure PL acting on the sleeve 
40P via the port 40F. The spool 40S is pushed upwards by the differential pressure of the line pressure PL and the 

C n™,°! P « ,° " PreSSUre reC8iVing SUrfaC6 area of the si 9 nal P ressure P *9+ of the port 40A of the 

spool 40S is Asol and the pushing force of the spring 40R is F s, the equilibrium of forces acting on the spool 40S 
may be expressed by the following equation (13): H 

(Psig+) ■ Asol = (PL - Pd) ■ As + Fs 
[0153] Here, if we set M = Asol I As = constant, and N = Fsl As constant, equation (13) can be rewritten as the 
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following equation (14): 

PL-Pc1 = M- {Psig-h) - N (14) 

[0154] Equation (14) shows that the differential pressure AP1 = PL - Pd can be controlled by the signal pressure 
Psig-h. 

[0155] When the signal pressure Psig+ is zero, AP1 = PL - Pd < 0, but the control pressure Pd is obtained by 
reducing the line pressure PL, so it is never greater than the line pressure PL Therefore, the spool 40S is pushed to 
its uppermost position by the pushing force Fs, the pressure port 40C and output port 40D communicate, and Pd = PL 
[0156] Due to the pushing force Fs of this spring 40R, as shown in Fig. 13, in the section from the signal pressure 
Pstg+ =Oto Psig-h = N/M = Fs/Asol, the control pressure Pd does not vary regardless of the signal pressure Psig-h. 
This range is the dead zone of the positive torque control valve 40. 

[0157] When the signal pressure Psig± is larger than this range, the differential pressure AP1 increases according 
to the signal pressure Psig-h. Further, when the signal pressure Psig+ reaches the pilot pressure Pp which is the max- 
imum value, the pressure port 40C is closed by the spool 40S, and as the output port 40D communicates with the drain 
port 40E, the control pressure Pd is zero, and the differential pressure AP1 becomes equal to the line pressure PL 
[0158] When the line pressure PL varies, the control pressure Pel also varies, so the above relation between the 
control pressure Pel and the differential pressure AP1 holds even when the line pressure PL varies. 
[0159] However, as there is the limitation 0 < Pd < PL, the range of the differential pressure AP1 becomes smaller 
the smaller the line pressure PL. 

[0160] Hence, the positive torque control valve 40 controls the differential pressure AP1 according to the signal 
pressure Psig-h, and when the solenoid valve 50 is not energized, the control pressure Pd is set equal to the line 
pressure PL so that the differential pressure AP1 = 0. 

[0161] The negative torque control valve comprises a signal pressure port 45A, feedback port 45B, pressure port 
45C, output port 45D which outputs a control pressure Pc2, drain port 45 E, port 45 F, spool 45S and spring 45 R identical 
to those in the positive torque control valve 40. The control pressure Pc2 and line pressure PL have an identical relation 
to the control pressure Pd and line pressure PL, as shown in Fig. 13. In the figure, the differential pressure of the line 
pressure PL and control pressure Pc2 is referred to as AP2. 

[0162] The control pressure Pd is supplied to the port 70E of the speed ratio control valve 70, and the control 
pressure Pc2 is supplied to the port 70D. The speed ratio control valve 70 controls the transmitted torque of the power 
rollers 18C, 18D, 20C, 20D by causing the differential pressure between one of the pressures Pd and Pc2 and the 
line pressure PL to act on the servo pistons 106, 107, 116, 117. 
[0163] This oil pressure circuit is controlled by the control unit 300. 

[0164] The control unit 300 comprises a microcomputer that has a central processing unit (CPU), read-only memory 
(ROAM), random access memory (RAM) and input/output interface (I/O interface). 

[0165] Signals are input to the control unit 300 respectively from a rotation speed sensor 381 which detects a rotation 
speed Ni of the input shaft 1 6, rotation speed sensor 382 which detects a rotation speed N c o of the output shaft of 
the CvT 1 , and a vehicle speed sensor 383 which detects a vehicle speed VSP from the rotation speed No of the final 
output shaft 6. The rotation speed Ni of an input shaft 1 is equal to the rotation speed N e of the engine 79. 
[0166] A position signal POSfrom an inhibitor switch which detects the position of the shift lever 78 and a depression 
amount signal APS from an accelerator pedal depression amount sensor 385 which detects the depression amount 
of an accelerator pedal, not shown, with which the vehicle is provided, are also respectively input to the control unit 300. 
[0167] The control unit 300 outputs signals to the solenoid valves 63, 64 according to these detected values, selec- 
tively joins the power circulation mode clutch 9 and direct mode clutch 10 : and changes over the power circulation 
mode and direct mode. The step motor 36 is driven to control the speed ratio /cof the CVT 1 so as to obtain the speed 
ratio ft of the I VT according to the running state. Further, in the power circulation mode, a the transmission torque of 
the CVT 1 is controlled by a signal output to the solenoid valve 50 or 55. The control of the transmission torque of the 
CVT is disclosed in Tokkai Hei 11-247964 published by the Japanese Patent Office in 1999. 

[01 68] For example, the magnitude of the differential pressure AP1 (AP2) applied to the servo pistons 1 06, 1 07, 1 1 6, 
117 of the CVT 1 is determined by the transmission torque of the power rollers 18C, 18D. 20C, 20D. Therefore, by 
making the control pressure Pd or Pc2 equal to the line pressure PL, the differential pressure APT (AP2) becomes 
zero, and the transmission torque can be set to zero. By making the differential pressure AP1 (AP2) equal to zero while 
applying pressures on both sides of the servo pistons 106, 107, 116, 117, fluctuation in the differential pressure AP1 
(AP2) produced due to the variation of the volume elastic coefficient when air, for example, becomes mixed with the 
oil. can be suppressed. 

[0169] When the control of the differential pressure is performed, it is necessary to change over the speed ratio 
control valve 70 according to the direction of the torque supported by the servo pistons 1 06, 1 07, 1 1 6, 1 1 7. For example. 
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providing that the rotation direction of the input disk 1 8A is the direction shown in Fig. 1 2 and the torque is transmitted 
rom the input disk 8A to the output disk 18B (positive torque), an upward force alts on the tru n o 104 due tote 
transmission of the torque between the disks 1 8A, 1 8B. This force is supported by the differential o essure app 5 ^ 
line pressure PL of the upshift oil chambers 101 and the control pressure Pc2 dlfferent,al Pressure AP2 of the 

Eg tJSX ^ *' *»* ** 1 8A * ** diSk 1 85 ™ be » 

[0171] Conversely, the torque (negative torque) transmitted from the output disk 1 8B to the input disk 1 8A exerts a 
downward force on the trunnion 104, and the differential pressure APf of the line oressure PL of «£ HrZ^nT , 
chambers 102 and the oil pressure Pel of the upshift oi, chambers 101 su "h s f c Thereto e TTo^l 
torque transmitted from the output disk 1 SB to the input disk 1 8A can be controlled by varying the con^oTp essure Per 
0172] In the power circulation mode, whether the vehicle moves forward or backwaTd is dS£^^„7£ 
the difference of the rotation speed of the planet carrier SB and the sun gear 5A. When the rotation™ eed oHhe S e ° 

ZZ! IS 9 h , f " thS ;r i0n Spe8d ° f thS SUn 9ear 5A ' '* > when the s P eed ratio ,c of the CVT 1 is grfate 
than the geared neutral po.nt GNP shown in FIG. 23, the vehicle moves forward. Due to the input torque f om the chafn 

20A 2 B T^ZT* 20D ' !° rqUe " tranSmitted in thS CVT 1 f rom the ^ disks 1 S "oX^eC d^ 
the ; e duci a oear Z 3 ZT Th" tranSmitted ' This ne 9 a « ve torque * transmitted from the shaft 1 6A to 
the reducing gear un.t 3, and is recirculated to the reducing gear unit 3 via the planetary qear unit 5 and CVT 1 
Therefore^when the vehicle is moving forward in the power circulation mode, the deferential press" re!pi of theTine 

TcoZZ:l ."T 1 ^ ChamberS 1 02 thS COntr °' preSSUr 6 Pc1 ° f the ^ °« chambers 1 02 is controHed 
IpZ kL? 9 ' ne brak f, Wh f en the VehiC ' e iS m ° vina forward in the Power circulation mode, the differentia, pressure 

to?is cont led 3 " 35 "" UPShift ° M Chamb6rS 101 a0d C ° ntrol pressure « ^ "« oil change" 



[0173 When the rotation speed of the sun gear 5A is greater than the rotation speed of the planet carrier 5B i e 
when the speed ratio ,c of the CVT 1 is less than the geared neutra. point GNP shown in Fig. 28 Z vJTfcTe ^eve^es' 
2s m this case, the rotat.on torque of the sun gear 5A is transmitted to the planet carrier 5B and ring gear 5C and toraue 

!s S ' Th he t CVT 1 r m diSkS 1 8A ' 2 ° A 10 thS ° UtpUt d '" SkS 1 8B ' 20B - '" other a posftive to que 

is transm.tted The torque transmitted to the planet carrier 5B is recirculated to the input disks 1 8A 20A of the C vT 1 

ore ur^o, Enf *' ™^ f W ^ the ^ * sensing in the power circulation mode the d«a 

so chambers ^£SLST« t .2 ^ °H ^ *" ^ PreSSUre Pc2 ° f the downshift oil 

thl 2 \ , contro,led - To contrel the er -g<ne brake when the vehicle is reversing in the power circulation mode 

PL ° f ^ ™ °» — 1« - - control pressured 

Toltl J tilt 'TZT' '"I °? Ut t0rqUe ° f the CVT 1 iS ° UtpUt t0 the final out P* sha « 6 - ^e vehicle is driven by 
ts^onZ^Z ^ZTTn t0 T e . Causes en 9 ine brakin 9- Th -efore, in the direct mode, the transmitted torque 
is controlled by controlling the differential pressure AP2 of the line pressure PL and control pressure Pc2 when the 

^zzsszixz^ the differentiai p~« "> * - - — - - is tr r : 

So conTmS EISE ^'l* brakin9 unintended b V the driver when the vehicle is running, the control 

- aStorval ^Tml!!^^ ^ Perf0miin9 ^ ^ r ° Utin6 Sh ° W " in " ™ -tine 9 is executed 
SI 761 h ^ ^ , a St6p S1 ' the P ° Sition Si9nal POS of the shift lever 78 and accelerator pedal depression amount APS 

Z SSJSHT position of the shift ,ever 78 is any of a drive ^ — 6 «. SISKf 

« 1 H 1 ^ . I" 3 StSP S2 ' the Speed ra "° /c of the CVT 1 and t^ speed ratio // of the IVT are computed from the inout 
„:; n utS ^ 1 • ^ ° UtPUt ^ — ^ NC ° ° f - CVT 1 a " d - ro~eed 22 
ln«f! I!!^' iP 3 St6P S3, U iS determ ined which range the position signal POS designates 

oosltfon s^nalVo7d° 6 S r n f i9 " t al ^ deS ' 9nateS the drive ran 9* ( D >- the routine proceeds to a step S4. When the 
rnL, 0 , ! 9 designates the reverse range (R), the routine proceeds to a step S8 

i° I 01 ha n J h n e ^.fl' il ! S de termined whether the current running mode is the power circulation mode or the direct 

to a ste S5 ZZZTJ T 5 ^ ^ th@ P owe -ircu,ation mode is applied, the routine proceeds 

to a step S5, and when the d ir ect mode is applied, the routine proceeds to a step S6 

8 TapI 1 J n r h H 6 StSP S5, I hS d i fferentia ' P ressure AP1 of the line pressure PL and control pressure Pd is set to AP1 = 
acceferSr oed^r 3 ' differe : tia ' PrSSSUre " detSrmined Using a P«»* - a P or function based on the 

th^ , nlt X , P I 5 ' 0 " r° Unt APS and the Sp6ed ra,i ° /C 0f the CVT 1 When the vehicle is moving forward in 

Therefore ZlTZ ,' *" en9 ' ne ? ° " driVi " 9 the driVS Whee,S 11 ■ the CVT 1 transmits a negative torque. 
Therefore, when the vehicle is mnnmg normally, negative torque control is performed by controlling the differentia. 
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pressure AP1 via the control pressure Pel. 

!°o? ] ,< 2l l t! ° th . er hand ' thS differential P ressure of the line pressure PL and control pressure Pc2 is set to 
f = « ( c ); Th 's characteristic is shown in Fig. 1 5. Specifically, the increase of the differential pressure AP2 is made 
gradual relative to the increase of the speed ratio Ic of the CVT 1 . When control of the differential pressure AP2 is beino 

5 performed ,n the . power circulation mode, the control pressure Pc2 is controlled by an output signal to the solenoid 
valve 55 so that this characteristic is realized. Therefore, when the vehicle is moving forward in the power circulation 
mode increase of the differential pressure AP2 is suppressed by controlling the control pressure Pc2 even if the port 
70F of the speed ratio control valve 70 communicates with the upshift oil chambers 101 due to a fault or incorrect 
operation of the step motor 36. orsticking of the spool 73 of the speed ratio control valve 70. By limiting the transmission 

to of positive orque due to the CVT 1 by suppressing increase of the differential pressure AP2, unintended, excessive 
engine braking is prevented from occurring. 

SIS , !"iu? St8P S6 ' the differential Pressure AP2of the line pressure PL and control pressure Pc2 is set to AP2 = 
HAPS, to). This means that the differential pressure AP2 is determined using a preset map or function based on the 
acce erator pedal depression amount APS and speed ratio to of the CVT 1 . When the vehicle is moving forward in the 
direct mode, when the engine 70 is driving the drive wheels 1 1 , the CVT 1 transmits a positive torque. Therefore when 
the vehicle is running normally, positive torque control is performed by controlling the differential pressure AP2 via the 
control pressure Pc2. 

[0184] Also, the differential pressure AP1 of the line pressure PL and control pressure Pel is set to API = Gfto) = K 
c • TolmL v 1 

so J0185] Here, Tolmt is a limiting value of the transmission torque which is set so that the engine braking does not 
exceed a preset deceleration, and it is a constant value. K c is set to gradually increase as the speed ratio to of the 
CVT 1 decreases, as shown in Fig. 16. In the direct mode, if the port 70E communicates with the upshift oil chambers 
1 01 due to a fault or incorrect operation of the step motor 36, or to sticking of the spool 73 of the speed ratio control 
valve 70, the negative torque causes engine braking according to the differential pressure AP1 of the line pressure PL 

25 and control pressure Pd. 

[0186] By specifying the differential pressure AP1 based on the parameter Kc and limiting value Tolmt of the trans- 
mission torque, the differential pressure AP7 is controlled to be equal to or less than a predetermined value, and the 
negative torque due to engine braking is effectively limited to a fixed value 

ao I0 l 8? lr "? St f P S7 c ° rres P° ndin 9 t0 the ne utral range (N) or parking range (P), torque transmission is allowed in 
30 either direction to start the vehicle by setting the differential pressure API = AP2 = f(APS Ic) 

P 11 V . ' n , the u Step S5 ' the differential pressure AP2 of the line pressure PL and control pressure Pc2 is set to AP2= 
WPS.IC). in the reverse range (R), the power circulation mode is selected, and the vehicle runs only in the region 
where the speed ratio // of the IVT is negative, as shown in FIG. 23. 

[0189] In the state where the engine 70 drives the drive wheels 11 , the transmitted torque of the CVT 1 is a positive 
torque. Therefore, positive torque control is performed by controlling the differential pressure AP2via the control pres- 
sure iC2, 

!S! 90] ,K° n w th « e ° th f , hand ' the transmitted tor °. ue °' the CVT 1 corresponding to engine braking is a negative torque. 
Hence, the differential pressure API of the line pressure PL and control pressure Pel is set to AP1 = 13 (Ic) This 
characteristic is shown in Fig. 17. Specifically, the differential pressure API is made to gradually increased as the 
speed ratio to of the CVT 1 decreases, i.e., as the speed ratio // of the IVT increases. Due to the setting, the negative 
« ^1 tra " sm,s u s,on force is suppressed, and excessive engine braking unintended by the driver is prevented 
[0191] After the processing of any of the steps S5, S6, S7. S8 has been performed, in a step S9, the routine outputs 

1 ^ baS6d ° n thS SSt cnaracteristics t° ^e solenoid valve 50 or 55, and the routine is terminated. 
[01 92] In this way, the control unit 300 controls the transmission torque of the CVT 1 when the engine 79 drives the 
drive wheels 11 and suppresses increase of the transmission torque of the CVT 1 corresponding to engine braking 
X.™ tu 9 differential Pressures API, AP2 respectively for the power circulation mode and direct mode 
[0193] Therefore, excessive engine braking unintended by the driver is prevented from acting even in the event of 
rn^? ° peratl0n or a fault of the ste P motor 6. da ™ge to the speed change link 37, or sticking of the spool 73 
[0194] Further, the rate of gyration angle variation of the power rollers 1 8C, 18D, 20C, 20D is also suppressed bv 
suppressing increase of the differential pressure supporting the transmission torque of the CVT 1 corresponding to 
engine braking. Therefore, engine braking is prevented from acting suddenly. 
[0195] Next, a fifth embodiment of this invention will be described referring to Figs. 1 8-20. 

[0196] In this embodiment, the positive torque control valve 40 and negative torque controller 45 of the fourth em- 
bod.ment are replaced by normal closed valves 41 , 46. Instead of the speed ratio control valve 70, a speed ratio control 
valve 70A is used. The speed ratio control valve 70A is provided with a port 70I and a port 70J instead of the port 70F 

1™?? COntr01 ValVS 7 °- A COntr °' P ressure Psinc of the positive torque control valve 41 is supplied to the 
7nn ?L C °u pressure Psdec of the negative torque control valve 46 is supplied to the port 70J. Also the ports 
70D, 70E are both connected to the drain. The remaining features of the construction are identical to those of the fourth 
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embodiment. 

[0197] The spool 73 of the speed ratio control valve 70 supplies the control pressure Psdec of the port 70J to the 
downshift oil chambers 102 via the port 70H by displacing to the upper part of Fig. 18, and releases the pressure of 
the upshift oil chambers 101 from the port 70G to the drain via the port 70E. 

[0198] By displacing to the lower part of Fig. 18, the control pressure Psinc of the port 70! is supplied to the upshift 
oil chambers 1 01 via the port 70G, and the oil pressure of the downshift oil chambers 1 02 is released to the drain via 
the port 70H and port 70D. 

[0199] Referring to Fig. 19, the positive torque control valve 41 has characteristics so as to increase the control 
pressure Psinc from 0 to the line pressure PL as the signal pressure Psig+ from the solenoid valve 50 increases from 
0. Likewise, the negative torque control valve 46 increases the control pressure Psdec according to increase of the 
signal pressure Psig- from the solenoid valve 55. 

[0200] Speed ratio control of the IVT is performed by maintaining the control pressure Psinc of the positive torque 
control valve 41 and the control pressure Psdec of the negative torque control valve 46 constant, and controlling the 
supply direction and supply flowrate of oil pressure supplied by the speed ratio control valve 70 to the upshift oil cham- 
'5 bers 1 01 and downshift oil chambers 1 02, 

[0201] When the control pressure Psinc is varied in the state where the port 70G is connected to the port 701 or the 
control pressure Psdec is varied in the state where the port 70H is connected to the port 70J, the differential pressure 
AP1 or AP2 acting on the servo pistons 106, 107, 116, 117 becomes equal to the control pressure Psinc or Psdec 
Therefore, the transmission torque of the CVT 1 can be controlled by oil pressure control of either of the oil chambers 
20 101 or oil chambers 102. 

[0202] By controlling the transmission torque of the CVT 1 respectively for the power circulation mode and direct 
mode as described above, and controlling the control pressures Psinc, Psdec as in this embodiment, the transmission 
torque of the CVT 1 corresponding to engine braking is prevented from becoming excessive. 

[0203] For example, by controlling the control pressure Psinc of the upshift oil chambers 101 , when the torque of 
the engine 70 is transmitted to the drive wheels 11 , the upper limit of the control pressure Psdec corresponding to the 
transmission torque corresponding to engine braking is limited to a preset limiting value f1 (Ic) or 13 (Ic) By controlling 
the control pressure Psdec of the downshift oil chambers 102, when the torque of the engine 70 is transmitted to the 
dnve wheels 11 , the upper limit of the control pressure Psdec corresponding to the transmission torque corresponding 
to engine braking is limited to a preset limiting value f2(lc). 

[0204] For this purpose, the control unit 300 performs the control routine shown in Fig. 20. In this control routine, the 
steps S5, S6, S7, S8 of the control routine of Fig. 1 4 of the fourth embodiment are respectively replaced by steps S5A 
S6A, S7A, S8A. The remaining step steps are identical to those of the control routine of the first embodiment 
[0205] In the step S5A, the control pressure Psdec is set to Psdec = f{APS, Ic), and the control pressure Psinc 'is set 
to Psinc = f1 (Ic). 

[0206] In the step S6A. the control pressure Psdec is set to Psdec = f2(lc), and the control pressure Psinc is set to 
Psinc = f(APS, Ic). 

[0207] In the step S7A, the control pressure Psinc is set to Psinc = f(APS, lc\ and the control pressure Psdec is set 
to Psdec = f(APS, Ic). 

,n £ 2081 ,1" the SteP S8A ' the COntro1 P fessure Psdec ls set to ^dec = ^(/c), and the control pressure Psinc is set to 
40 Psinc = f(APS, Ic). 

[0209] As in the case of the fourth embodiment, the limiting values f 1 (Ic) - f3 (Ic) are set to gradually vary according 
to the speed ratio Ic of the CVT 1 , but they may also be set to fixed values. 
[0210] A sixth embodiment of this invention will now be described referring to Figs. 21 and 22. 
[0211] According to this embodiment, the speed ratio control valve 70 of the fourth embodiment is combined with 
the positive torque control valve 41 and negative torque control valve 46 of the fifth embodiment, and normally open 
solenoid valves 50A, 55A are used instead of the solenoid valves 50, 55. 

[0212] The positive torque control valve 41 and negative torque control valve 46 are normally closed, but the solenoid 
valves 50A, 55A are normally open. Hence, when the solenoids of the solenoids valves 50A, 55A are not energized 
the signal pressures Psig+ and Psig- respectively become equal to the pilot pressure Pp 

[0213] When the solenoids valves 50A, 55A are not energized, therefore, the spools of the positive torque control 
valve 41 and negative torque control valve 46 move upwards in Fig. 21 , and the line pressure passage 59 is connected 
to the ports 40D, 45D. 

[0214] Therefore, the control pressures Pd, Pc2 become equal to the line pressure PL, and the differential pressure 
of the port 70F and P° rt 70E of ™e speed ratio control valve 70 and the differential pressure AP2 of the port 70F 
and port 70D, both become zero. This provides a failsafe mechanism when, for example, there is a break in the cable 
used to energize the solenoids. 

[0215] When the solenoid valves 50A, 55A operate I the control pressure Pel (Pc2) increases according to the in- 
crease of the signal pressure Psig+ (Psig-). Hence, the differential pressure AP1 (AP2) of the oil chambers 101 and 
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oil chambers 102 is controlled by varying the control pressure Pel (Pc2). 

[021 6] According to this embodiment, the relation between the signal pressure Psig+ and control pressure Pc 1 and 
the relation between the signal pressure Psig- and control pressure Pc2, are the reverse of those of the fourth embod- 
iment, but the transmission torque control routine applied in this embodiment is identical to the routine of Fig 14 of the 
fourth embodiment. Also in this embodiment, unintended, excessive engine braking can be prevented by controlling 
the transmission torque as in the fourth embodiment. 

[0217] The contents of Tokugan Hei 11-319571, with a filing date of November 10, 2000 in Japan and Tokuqan 
2000-531 33 with a filing date of February 29, 2000 in Japan arc hereby incorporated by reference. 
[0218] Although the invention has been described above by reference to certain embodiments of the invention the 
invention is not limited to the embodiments described above. Modifications and variations of the embodiments de- 
scribed above will occur to those skilled in the art, in light of the above teachings. 

[0219] The embodiments of this invention in which an exclusive property or privilege is claimed are defined as follows- 



's Claims 



A controller for a toroidal continuously variable transmission of a vehicle, the transmission comprising an input 
disk (18A, 20A) which rotates about a rotation shaft (16A), an output disk (18B, 20B) which rotates about the 
rotation shaft (1 6A), a power roller (1 8C, 1 8D, 20C, 20D) gripped by the input disk (1 8A, 20A) and the output disk 
(1 8B, 20B) and transmitting a torque between the input disk (1 8A, 20A) and output disk (1 8B, 20B), and a trunnion 
(1 04, 105, 114, 115) which drives the power roller (18C, 18D, 20C : 20D) in a direction perpendicular to the rotation 
shaft (16A) according to a differential pressure of a first oil chamber (101) and a second oil chamber (102) the 
transmission causing a downshift when the second oil chamber (102) is at a higher pressure than the first oil 
chamber (101), and causing an upshift when the first oil chamber (101) is at a higher pressure than the second 
oil chamber (1 02), the first oil chamber (101) being connected to a first passage (1 76) and the second oil chamber 
(102) being connected to a second oil passage (177), the controller comprising: 

a speed ratio control valve (70, 70A) which controls a direction and a flowrate of oil in the first oil passaqe 
(1 76) and the second oil passage (1 77); and 

a pressure control valve (200, 210. 220. 40, 45. 41, 46) which limits a maximum differential pressure of the 
first oil chamber (101 ) and the second oil chamber (102) when the transmission (1 ) causes a downshift smaller 
than a maximum differential pressure of the first oil chamber (101) and the second oil chamber (102) when 
the transmission (1 ) causes an upshift. 

The controller as defined in Claim 1 , wherein the pressure control valve (200, 210, 220, 40, 45, 41 , 46) is a valve 
(200) which limits the differential pressure of the second oil chamber (102) and the first'oil chamber (101) by 
increasing the pressure of the first oil chamber (101) depending on the increase of the pressure of the second oil 
chamber (1 02) when the transmission causes a downshift. 

The controller as defined in Claim 2, wherein the speed ratio control valve (70, 70A) is a valve (70) which connects 
one of the first oil chamber (101) and the second oil chamber (1 02) to a pressure source and connects the other 
of the first oil chamber (1 01 ) and the second oil chamber (1 02) to a drain, and a pressure control valve (200 220) 
is installed midway in a passage (151, 174) leading from the first oil chamber (101) to the drain which is formed 
when the speed ratio control valve (70) connects the first oil chamber (101) to the drain. 

The controller as defined in Claim 3, wherein the pressure control valve (200, 210 220 40 45 41 46) is a valve 
(220) which controls the pressure of the first oil chamber (101) so that the differential pressure of 'the second oil 
chamber (102) and first oil chamber (101) is maintained at a fixed value when the second oil chamber (102) has 
risen above a fixed pressure. 

5. The controller as defined in Claim 1 , wherein the pressure control valve (200, 210, 220, 40, 45, 41 , 46) is a valve 
(21 0) which limits a pressure rise of the second oil chamber (1 02). 

6. The controller as defined in Claim 5, wherein the speed ratio control valve (70, 70A) is a valve (70) which connects 
one of the first oil chamber (101) and the second oil chamber (102) to a pressure source and connects the other 
of the first oil chamber (101) and the second oil chamber (102) to a drain, and a pressure control valve (210) is 
installed m.dway in a passage (1 50, 1 75) leading from the pressure source to the second oil chamber (1 02) which 
is formed when the speed ratio control valve (70) connects the second oil chamber (1 02) to the pressure source 
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The controller as defined in Claim 6, wherein the pressure control valve (200 210 220 40 45 41 46) is a valve 
(210) which maintains the pressure of the second oil chamber (1 02) at a first constant pressure when the pressure 
of the first oil chamber (101) has become less than a second constant pressure lower than the first constant 
pressure. " 

The controller as defined in Claim 1 , wherein the speed ratio control valve (70, 70A) is a valve (70) which connects 
one of the first oil chamber (1 01) and the second oil chamber (1 02) to a pressure source, and connects the other 
of the first oil chamber (1 01 ) and the secondoil chamber (1 02) to a pressure control valve (40, 45), and the controller 
further comprises a microprocessor (300) programmed to control the pressure control valve (40 45) to prevent 
the differential pressure of the first oil chamber (101) and the second oil chamber (102) from rising above a pre- 
determined pressure (S6 : S8, S6A, S8A). 



9. The controller as defined in Claim 8, wherein the pressure control valve (40, 45) comprises a first pressure control 

™ (40) S8C0nt ' SSUre COntrol valve (45) ' the speed rati0 control valve (70. 70A) comprises a first port 
(70F) connected to a f. ure source (67), a second port (70E) connected to the first pressure contra valve (40 
45), a third port (70D) connected to the second pressure control valve (45), a fourth port (70G) connected to the 
first oil chamber (1 01 ), a fifth port (70H) connected to the second oil chamber (1 02), and aspool (73) which displaces 
between a position wherein the fourth port (70G) is connected to the first port (70F) and the fifth port (70H) is 
connected to the third port (70D), and a position wherein the fourth port (70G) is connected to the second port 
(70E) and the fifth port (70H) is connected to the first port (70F), and the microprocessor (300) is further pro- 
grammed to control the pressure control valve (40) to prevent the differential pressure of the pressure source (67) 
and the second port (70E) from rising above a predetermined pressure (S6, S8). 

10. The controller as defined in Claim 9, wherein the controller further comprises a sensor (381 , 382) which detects 
?s a speed ratio of the toroidal continuously variable transmission, and the microprocessor (300) is further pro- 
grammed to increase the predetermined pressure according to the decrease of the speed ratio (S6, S8). 

1 1 . The controller as defined in Claim 8. wherein the controller comprises a first pressure control valve (40) and second 
pressure control valve (45), the speed ratio control valve (70, 70A) comprises a first port (701 ) connected to the 

<o first pressure control valve (41 ), a second port (70J) connected to the second pressure control valve (45) a third 

port (70D, 70E) connected to a drain, a fourth port (70G) connected to the first oil chamber (1 01 ), a fifth port (70H) 
connected to the second oil chamber (1 02), and a spool (73) which displaces between a position wherein the fourth 
port (70G) is connected to the first port (701 ) and the fifth port (70H) is connected to the third port (70D) and a 
position wherein the fourth port (70G) is connected to e third port (70E) and the fifth port (70H) is connected to 
the second port (70J), and the microprocessor (300) is further programmed to control the second pressure control 
valve (46) to prevent a pressure of the second port (70J) from rising above a predetermined pressure (S6A, S8A). 

12. The controller as defined in Claim 1 , wherein the rotation shaft (1 6A) and the input disk (1 8A, 20A) rotate together 
and the toroidal continuously variable transmission (1 ) forms an infinite variable speed ratio transmission device 
together with a f.xed speed ratio transmission (3) which transmits a rotation speed of the rotation shaft (1 6) at a 
fixed speed ratio to a fixed speed ratio transmission output shaft (3C), and a planetary gear set (5) comprising a 
first rotating element (5A) connected to the output disk (18B, 20B), a second rotating element (5B) connected to 
the fixed speed ratio transmission output shaft (3C) via a power circulation clutch (9), and a third rotating element 
(5C) varying a direction and a speed of rotation according to a difference in a rotation speed of the first rotating 
element (5A) and a rotation speed of the second rotating element (5), the third rotating element (5C) being con- 
nected to the output disk (1 8B, 20B) via a direct clutch (10), and the vehicle running according to the rotation of 
the third rotating element (5C). 

13. The controller as defined in Claim 12, wherein the controllerfurthercomprises a microprocessor (300) programmed 
to control the pressure control valve (200, 210, 220, 40, 45, 41 , 46) , when the direct clutch (1 0) is engaged and 
the power circulation clutch (9) is disengaged, to limit the pressure difference of the first oil chamber (101) and the 
second oil chamber (102) when the transmission (1) causes a downshift to be less than the pressure difference 
of the first oil chamber (101) and the second oil chamber (102) when the transmission (1) causes an upshift (S6 
S6A), and to control the pressure control valve (200, 210, 220, 40, 45, 41 , 46), when the direct clutch (10) is" 
disengaged and the power circulation clutch (9) is engaged, to limit the pressure difference of the first oil chamber 
(101) and the second oil chamber (1 02) when the transmission (1) causes an upshift to be less than the pressure 
difference of the first oil chamber (101) and the second oil chamber (102) when the transmission (1) causes a 
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1 4. The controller as defined in Claim 1 3, wherein the vehicle comprises a shift lever (78) which changes over between 

lT/7«\ Unmn ^ nd feVerSe rUnniP9 ' thG C ° ntr0,,er com P rises a sensor (384) which detects a position of the shift 
Ifor 11 1 microprocessor (300) is further programmed to control the pressure control valve (200 210 

f h I WhGn the Shift !eVer (38) iS ln the reverse position " t0 llmitthe P^sure difference of the first 

oil chamber (101 ) and the second oil chamber (1 02) when the transmission (1 ) causes a downshift to be less than 
the pressure d.fference of the first oil chamber (1 01 ) and the second oil chamber (1 02) when the transmission (1 ) 
causes an upshift (S8, S8A). ni ' j 
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